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nterest in the beneficial health effects of diets rich in marine fatty acids and fish followed observations that some populations with a high dietary intake of fish had a low incidence of inflammatory conditions such as rheumatoid arthritis. 1 These observations prompted recognition that long chain n-3 fatty acids, principally eicosopentaenoic acid (EPA) and docosahexaenoic acid (DHA) derived mainly from fish, are important components of the human diet. The National Health and Medical Research Council (NHMRC) working party on the role of polyunsaturated fats in the Australian diet has recommended that an increase in the intake of n-3 fatty acids from plant foods and fish be encouraged for its potential health benefits. 2 Asthma is a major public health problem in Australia and has been declared a national health priority. 3 One area of current research interest has focused on the possible protective effect of long chain (n-3) fatty acids from fish on chronic inflammatory lung diseases including asthma. 4 n-3 fatty acids act as precursors leading to the formation of mediators with reduced inflammatory potential. 5 Previous research has shown that plasma n-3 fatty acid concentrations are related to the dietary intake of long chain n-3 fatty acids, as assessed by 24 hour dietary recall which, in turn, reflects long term intake. 6 Cross sectional studies in Australia have shown that regular fish consumption, 7 particularly consumption of oily fish, 8 may be associated with a reduced risk of asthma in children. However, these studies have assessed the dietary intake of n-3 fatty acids indirectly via dietary questionnaires rather than by direct measurements.
The primary aim of this study was to test the hypothesis that plasma n-3 fatty acid levels, as a measure of dietary intake, are protective against asthma and atopy in young adults. The secondary aim was to determine whether plasma fatty acid levels differed between those with and those without asthma or atopy, in order to generate biological hypotheses regarding specific fatty acids as risk factors for asthma. A range of definitions of asthma was used, from selfreported asthma to epidemiological and physiological definitions, since there is no single agreed definition of asthma for research purposes.
METHODS
The subjects were recruited from a computer generated random sample of 4455 eligible young adults (aged 20-44 years) from the electoral roll in three adjacent electorates in metropolitan Melbourne, Australia. 9 An initial screening questionnaire was sent to these subjects, of which 3194 (72%) responded. The respondents were then invited to attend the laboratory for spirometric testing, methacholine challenge, completion of more detailed questionnaires, and venepuncture for plasma fatty acid analysis.
Participants completed an interviewer administered detailed respiratory questionnaire which has previously been validated and used in the European Community Respiratory Health Survey, 10 and a validated semiquantitative food frequency questionnaire (FFQ) for assessment of habitual food intake over the preceding 12 months.
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Lung function was measured with a rolling seal spirometer (Sensormedics, California, USA). Initial forced expiratory volume in 1 second (FEV 1 ) was recorded as the best of five blows which met the American Thoracic Society criteria. Methacholine (Provocholine, Methapharm Inc, Brantford, Ontario, Canada) was delivered by a Mefar 3B dosimeter (Mefar srl, Bovezzi, Italy) up to a cumulative dose of 2 mg (10 mmol). Skin prick testing was performed with the following seven airborne and five food standardised allergen extracts: Dermatophagoides pteronyssinus (house dust mite), Lolium perenne (rye grass pollen), ragweed, Cladosporium, Aspergillus, Alternaria, Felis domesticus (cat), cow's milk, egg white, wheat, peanut mix, and shrimp (Bayer Corporation, Sydney, Australia), as well as positive (histamine) and negative controls. Wheals were measured after 15 minutes.
Plasma fatty acids (%)
Venous blood samples were taken for analysis of plasma fatty acids. Plasma lipids were extracted with chloroform:methanol. 12 Plasma phospholipids were separated by thin layer chromatography and evaporated to dryness under nitrogen. The samples were methylated and then separated and quantified using a Hewlett-Packard 6890 gas chromatograph. 
Statistical analysis
Data were entered, verified, and analyses conducted using the SPSS computer software package (version 10, SPSS Inc, Chicago, IL, USA). Forced entry logistic regression models were constructed to determine whether any plasma fatty acid was an independent predictor of asthma or atopy. The models included the following variables: age, sex, body mass index, smoking status (ever and current), family history of asthma, region of birth, and total energy intake. Separate models were constructed for each individual plasma fatty acid and for each outcome measure. Regression analyses are reported as odds ratios with 95% confidence intervals for a 1% change in fatty acid levels. Relationships between fatty acids and markers of asthma severity were assessed using t tests, Mann-Whitney tests, or Spearman rank correlations as appropriate.
We expected that any fatty acid level that had a strong biological association with asthma would be detected across several outcomes in our analysis, but that the size of effect and significance might vary. We were therefore interested in consistent patterns of findings across several outcomes. Because of this, we decided it was reasonable not to perform any further adjustments for multiple comparisons. 15 
RESULTS
The respiratory questionnaire was completed by 1601 young adults of mean (SD) age 34.6 (7.1) years. Blood samples for fatty acid analysis were obtained for 1090 subjects and the methacholine challenge for BHR was undertaken by 1075 subjects. Forty one subjects (3.8% of the study population) reported that they were currently taking or had taken fatty acid or fish oil supplements in the previous 6 months. Women and those who had ever smoked were both marginally more likely to be taking or have taken fatty acid/fish oil supplements in the previous 6 months (p = 0.02 and p = 0.03, respectively). Table 1 summarises the characteristics of the subjects, excluding those on fatty acid supplements (n = 1049) Plasma % fatty acid levels Overall (n = 1090) the largest proportions of fatty acids were polyunsaturated (mean 42.9%), closely followed by saturated (41.8%) and then monounsaturated (14.1%) fatty acids. When subjects who were currently or had previously taken fish oil/fatty acid supplements in the previous 6 months (n = 41) were excluded from the analysis, there was no significant change in the mean percentage of plasma saturated, trans, monounsaturated, total n-6 polyunsaturated, or total polyunsaturated fatty acid levels. However, the mean proportion of the n-6 fatty acids dihomo gamma (c) linolenic acid (DHGLA) and n-6 C22:4 and the n-6:n-3 ratio were significantly lower with this exclusion than when all subjects were included in the analysis. Similarly, the total n-3 fatty acid and the n-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) were all significantly higher than when all subjects were included in the analysis. For this reason, subjects who reported that they were currently using or had recently used fatty acid or fish oil supplements in the previous 6 months were excluded from all subsequent analyses. The distribution of fatty acids in the remaining 1049 subjects, shown as the mean (SD) concentration of each fatty acid (as a % of total plasma fatty acids) in both controls and subjects with the various definitions of asthma is given in table 2.
Associations between plasma % fatty acids and asthma definitions and atopy The most consistent associations with definitions of asthma were found with DHGLA and the n-6 fatty acids 20:2 and 22:5 (table 3) . When the fatty acid/asthma associations were adjusted for the effects of other known and potential confounding factors-that is, age, sex, smoking, body mass index, region of birth, family history of asthma, and total energy intake-consistent associations remained between asthma and DHGLA and the n-6 fatty acid 20:2 (table 4) . No consistent associations were found between any of the n-3 series polyunsaturated fats, total polyunsaturated fats, total n-6 fats, total n-3 fats, saturated fats, trans, or monounsaturated fatty acids, or the n-6:n-3 fatty acid ratio and current asthma, asthma, doctor diagnosed asthma, or atopy (table 4) . Isolated findings for the n-6 polyunsaturated fat C22:5, n-3 polyunsaturated fat C18:3 (LNA), and total saturated fat level did not show consistency across the asthma outcomes (table 4) .
Associations between plasma fatty acids and severity of asthma The severity markers examined included symptom frequency, bronchial reactivity, and medication requirements. Subjects who reported an asthma attack in the previous 12 months had slightly higher mean levels of the n-6 fatty acid 20:3 (3.99% v 3.70%, p = 0.004), but there were no other significant differences. The number of asthma attacks in the previous 12 months was unrelated to any fatty acid or total fat levels. However, the number of asthma attacks in the previous 3 months was weakly correlated with the n-6 fatty acid 18:2, total n-3 fatty acids, and the n-6:n-3 ratio (table 5) . Those who reported frequent nocturnal asthma in the previous 12 months had slightly lower median levels of the n-3 fatty acid 18:3 (0.16% v 0.18%, x 2 = 10.7, p = 0.03), but there were no other differences. The frequency of breathing trouble in the previous 3 months was unrelated to the levels of any specific fatty acid or to total levels. Bronchial reactivity (logDRS) was weakly correlated with the levels of the n-6 fatty acids 20:2, 20:3, 22:5, the n-6:n-3 ratio, and negatively with the n-3 fatty acid 22:6 (table 5). LogPD 20 was only correlated with trans fatty acids (r = 0.15, p = 0.03). Those who had used inhaled medications in the previous 12 months had slightly higher mean levels of the n-6 fatty acid 20:3 (3.93% v 3.70%, p = 0.001). However, oral respiratory medications in the previous 12 months were unrelated to the levels of any individual fatty acid or to total levels.
DISCUSSION
This is the first study in which direct measurement of fatty acid levels and possible associations with asthma in young adults have been reported. There was good agreement between the results of the dietary food frequency questionnaire and the plasma fatty acid levels, which has been published elsewhere. 16 Associations between food and nutrient intake on the questionnaire and the risk of asthma have also been published elsewhere. 17 The present study did not find any associations between the n-3 fatty acid levels or, indeed, the n-6:n-3 ratio and asthma outcomes or atopy. However, our results indicate that the n-6 polyunsaturated fat DHGLA is most consistently associated with asthma. Various markers of asthma severity were also associated with group.bmj.com on June 24, 2017 -Published by http://thorax.bmj.com/ Downloaded from n-6 fatty acids, particularly DHGLA. These results constitute interesting new information and contribute to the understanding of fatty acids and their possible role in asthma and allergic inflammation.
One of the strengths of this study was the ability to examine relationships between dietary fat intake and a number of asthma outcomes. Previous studies have generally relied only on self-reported data or laboratory data. We used self-reported, epidemiological, and physiological definitions of asthma. However, different definitions of asthma do lead to different results, highlighting the importance of careful consideration of the outcome or asthma definition to be used when examining associations between diet and asthma.
Furthermore, previous studies that have found associations between fat intake and asthma have relied on indirect measurements of fat intake, such as food frequency questionnaires or other dietary recall methods. In our study we examined the relationship between fat intake and asthma using a direct marker of fat intake (plasma fatty acid levels). The validity of this approach is confirmed by the fact that fatty acid levels are modified when subjects give a history of nutritional supplementation within the previous 6 months.
We did not find any association between long chain (n-3) fatty acid intake and asthma, as had been suggested by previous studies. A protective association between oily fish intake, assessed by questionnaire, and asthma was reported in a community based survey of Australian school children. 8 In contrast, a large epidemiological study conducted in the USA (NHANES II) failed to find an independent significant association between fish intake and respiratory symptoms in adults. However, only self-reported outcome measures of wheezing and chronic bronchitis, and not asthma, were used in that analysis. 18 The difference in the results may be due to the methodological differences between the studies, or could represent a possible contrast between the mechanisms of adult and childhood asthma. As with the epidemiological studies, interventional trials of dietary n-3 fatty acid supplementation in asthma have produced some inconsistent results. However, a systematic review of controlled clinical trials of n-3 dietary manipulation in asthma by the Cochrane Collaboration did not find any significant differences in asthma outcomes between low n-3 and high n-3 diets. 19 The review concluded that there was insufficient evidence to advise on whether dietary manipulation of n-3 fatty acids has any place in the management of asthma. The importance of the current study is that it complements and confirms the overall lack of benefit seen in intervention trials of n-3 fatty acid supplementation for the treatment of established asthma.
Nevertheless, the recent data from childhood epidemiological studies may be interpreted as a possible benefit from n-3 fatty acids in preventing the onset of asthma. Interventional studies to clarify this issue are currently being undertaken, and a positive result may help to reconcile the apparent contradiction between childhood and adult epidemiological data. Similarly, an ecological study in children found an association between trans fatty acids and the prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and atopic eczema. 20 It is therefore possible that trans fatty acids may have a role in promoting the onset of asthma in children but not in the maintenance of established asthma in adults. Other cross sectional epidemiological surveys have found an increased risk of allergic sensitisation in German children associated with an increased consumption of margarine, 21 22 but the nature of this association remains uncertain.
It has also been suggested that it is not the absolute amount of n-3 or n-6 fat intake that is important, but rather the ratio of n-6:n-3 fats. Indeed, the ratio of these polyunsaturated fats has been found to be the critical factor affecting eicosanoid formation in rats. 23 While we found some associations between the n-6:n-3 ratio and more severe asthma, the ratio was not associated with any definition of asthma. Perhaps a greater variation in the n-6:n-3 ratio may be required before a positive anti-asthma effect can be seen in humans.
Our results suggest that it is the n-6 fatty acid DHGLA (C20:3) and C20:2 which are the important dietary risk factors in adults with asthma. The associations with DHGLA were consistent across all of the asthma outcomes, while the associations with n-6 C20:2 were evident in two of the three asthma outcomes that we used. Neither of these fatty acids was associated with atopy. Although the associations for the n-6 fatty acid C20:2 were statistically significant across the asthma outcomes measured, the wide confidence intervals for these associations suggest that larger numbers of subjects are required in future studies to confirm these results. DHGLA is obtained from dietary plant sources and is the immediate precursor for the formation of arachidonic acid through desaturation by the D5 desaturase enzyme. In turn, arachidonic acid is the precursor for a wide range of lipid inflammatory mediators including leukotrienes and prostaglandins. In particular, the cysteinyl leukotrienes are potent inducers of bronchospasm, as well as airway inflammation. Hence, it is biologically plausible that the increased precursor pool is a risk factor for the promotion of asthmatic airway inflammation through generation of proinflammatory mediators. Alternatively, the increased DHGLA may just be an epiphenomenon due to putative decreased D5 desaturase activity in asthma. Whether it is directly causal, an epiphenomenon, or simply a marker for other factors affecting the risk of asthma requires further investigation.
Given the number of comparisons made in this study, some of our statistically significant findings may have been due to chance alone. However, given that the associations between DHGLA were reasonably consistent across all the asthma outcome measures, we are confident that these do represent real underlying patterns of association. We also acknowledge that this was a cross sectional study and therefore our results cannot indicate cause and effect. Furthermore, the association may represent reverse causality if subjects with asthma modified their diets in response to public health messages. It is important that the results are interpreted within this context and that the appropriate longitudinal and intervention studies are conducted to verify our findings.
In conclusion, we have not found any evidence to suggest that n-3 fatty acids are associated with a reduced risk of asthma or atopy among young adults. Indeed, our results suggest that it is the n-6 polyunsaturated fat DHGLA that has the strongest association with asthma. Given that this was a cross sectional study, we were unable to establish a cause and effect relationship for the fatty acids/asthma associations 
